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Description 

[Semi-Conductive Shell for Sources and 

Sensors] 

Background of Invention 
[0001] Field of the Invention 

[0002] The invention relates generally to the use of shells or 

housings for sources or sensors, particularly for subsur- 
face measurements. 

[0003] Background Art 

[0004] various well logging techniques are known in the field of 
hydrocarbon exploration and production. These tech- 
niques typically employ logging instruments or "sondes" 
equipped with sources adapted to emit energy through a 
borehole traversing the subsurface formation. The emitted 
energy interacts with the surrounding formation to pro- 
duce signals that are detected and measured by one or 
more sensors on the instrument. By processing the de- 
tected signal data, a profile or "log" of the formation 



properties is obtained. 

[0005] Logging techniques known in the art include "wireline" 
logging, logging-while-drilling (LWD), and logging- 
while-tripping (LWT). Wireline logging entails lowering the 
instrument into the borehole at the end of an electrical 
cable to obtain the subsurface measurements as the in- 
strument is moved along the borehole. LWD entails dis- 
posing the instrument in a drilling assembly for use while 
a borehole is drilled through earth formations. LWT in- 
volves disposing sources or sensors within the drill string 
to obtain measurements while the string is withdrawn 
from the borehole. 

[0006] Conventional electromagnetic (EM) logging instruments 
are implemented with antennas that are operable as 
sources and/or sensors. The antennas are generally coils 
of the cylindrical solenoid type comprised of one or more 
turns of insulated conductor wire wound around a sup- 
port. In operation, the transmitter antenna is energized by 
an alternating current to emit EM energy through the 
borehole fluid (also referred to as "mud") used in the 
drilling operation and into the formation. The signals de- 
tected at the receiver antenna reflect interaction with the 
mud and the formation. It is well known that measure- 



merits obtained by induction-type logging are affected by 
direct transmitter-to-receiver coupling. Thus with induc- 
tion-type logging, the instrument is typically equipped 
with one or more "bucking" antennas disposed near the 
transmitter or receiver to eliminate or reduce these cou- 
pling effects. 

[0007] The antennas are typically mounted with their axes along 
the longitudinal instrument axis. Thus, these instruments 
are implemented with antennas having longitudinal mag- 
netic dipoles (LMD). When such an antenna is placed in a 
borehole and energized to transmit EM energy, currents 
flow around the antenna in the borehole and in the sur- 
rounding formation. There is no net current flow up or 
down the borehole. However, with instruments incorpo- 
rating antennas having tilted or transverse coils, i.e., 
where the antenna's axis is not parallel to the support 
axis, a current flow exists under certain circumstances. 
These instruments are implemented with antennas having 
a transverse or tilted magnetic dipole (TMD). Some TMD 
antennas are configured with multiple coils. One TMD an- 
tenna design comprises a set of three coils, known as a 
triaxial antenna. Logging instruments equipped with 
TMDs are described in U.S. Pat. Nos. 4,319,191, 



5,508,616, 5,757,191, 5,781,436, 6,044,325, 6,147,496. 
[0008] a particularly troublesome property of the TMD is the ex- 
tremely large borehole effect that occurs in high contrast 
situations, i.e., when the mud in the borehole is much 
more conductive than the formation. When a TMD is 
placed in the center of a borehole, there is no net current 
along the borehole axis. When it is eccentered in a direc- 
tion parallel to the direction of the magnetic moment, the 
symmetry of the situation insures that there is still no net 
current along the borehole axis. However, when a TMD is 
eccentered in a direction perpendicular to the direction of 
the magnetic moment, axial currents are induced in the 
borehole. FIG. 1 illustrates the different TMD eccentricities 
within the borehole. In high contrast situations these cur- 
rents can flow for a very long distance along the borehole. 
When these currents pass by TMD antennas, they can 
cause undesired corruptive signals that are many times 
larger than would appear in a homogeneous formation 
without a borehole. FIG. 2 illustrates this axial current 
flow encountered along the borehole with a non- 
conductive instrument. Further description of this "bore- 
hole effect" is found in U.S. Pat. Nos. 6,573,722, 
6,556,015 and 6,541,979. 



[0009] | n wireline applications, the antennas are typically en- 
closed by a housing constructed of a tough plastic mate- 
rial composed of a laminated fiberglass material. In LWD 
applications, the antennas are generally mounted on a 
metallic support to withstand the hostile environment and 
conditions encountered during drilling. Conventional log- 
ging instruments are also being constructed of thermo- 
plastic materials. The thermoplastic composite construc- 
tion of these instruments provides a non-conductive 
structure for mounting the antennas. U.S. Pat. Nos. 
6,084,052, 6,300,762, 5,988,300, 5,944,124 and GB 
2337546 describe implementations of composite-based 
instruments and tubulars for oilfield operations. 

[0010] Techniques to reduce or correct for induced axial currents 
due to TMD antennas are emerging in the field. U.S. Pat. 
Nos. 5,041,975 and 5,058,077 describe techniques for 
processing signal data from downhole measurements in 
an effort to correct for borehole effects or to compensate 
for the effect of eccentric rotation on the sensor while 
drilling. U.S. Pat. No. 4,651,101 describes a logging sonde 
configured to cancel electric fields on the sonde surface. 
Additional techniques for addressing the borehole effect 
are found in U.S. Pat. Nos. 6,573,722, 6,556,015, and 



6,541,979. These techniques involve complicated signal 
processing and/or the implementation of additional com- 
ponents to the instruments in order to address the cur- 
rents. Thus there remains a need for improved techniques 

to handle these undesired borehole currents. 
Summary of Invention 

[0011] one aspect of the invention is a shell for use in a subsur- 
face borehole. The shell comprises a composite body 
adapted to cover a source or sensor, providing trans- 
parency to the passage of signals to or from the source or 
sensor; wherein the body is adapted with a uniform con- 
ductive surface providing a path to short electric currents 
near the source or sensor. 

[0012] Another aspect of the invention is an apparatus for use in 
a subsurface borehole. The apparatus comprises an elon- 
gated support; an antenna disposed on the support, the 
antenna adapted to transmit or receive electromagnetic 
energy; and a composite shell disposed on the support to 
cover the antenna, the shell providing transparency to the 
passage of electromagnetic energy; wherein the shell is 
adapted with a uniform conductive surface providing a 
path to short electric currents near the antenna. 

[0013] Another aspect of the invention is an apparatus for use in 



a subsurface borehole. The apparatus comprises an an- 
tenna adapted to transmit or receive electromagnetic en- 
ergy; a composite shell covering the antenna, the shell 
providing transparency to the passage of electromagnetic 
energy; wherein the shell is adapted with a uniform con- 
ductive surface providing a path to short electric currents 
near the antenna; and a conductor coupled to the shell to 

pass the electric currents through the shell. 
Brief Description of Drawings 

[0014] other aspects and advantages of the invention will be ap- 
parent from the following description and the appended 
claims. 

[0015] FIG. 1 shows a pictorial looking downhole of parallel and 
perpendicular eccentering of a tilted or transverse mag- 
netic dipole within a borehole. FIG. 2 is a schematic dia- 
gram of the induced axial current flow encountered in a 
conductive borehole with an instrument having a perpen- 
dicularly eccentered tilted or transverse magnetic dipole 
and an insulating housing. 

[0016] FIG. 3 is a schematic diagram of a semi-conductive sleeve 
and triaxial antenna array in accord with the invention. 

[0017] FIG. 4 is a schematic diagram of another semi-conductive 
sleeve and sources/sensors configuration in accord with 



the invention. 

[0018] FIG. 5 is a schematic diagram of the borehole axial current 
flow about a source housed within a mildy-conductive 
sleeve in accord with the invention. 

[0019] FIG. 6 is a schematic diagram of a sleeve embodiment of 
the invention. 

[0020] FIG. 7 is a cross-section of a sleeve embodiment sur- 
rounding a support member in accord with the invention. 

[0021] FIG. 8 is a schematic diagram of a sleeve embodiment 

surrounding a support member in accord with the inven- 
tion. 

[0022] FIG. 9 is a schematic diagram showing a manufacturing 
sequence for impregnating carbon fabric with carbon- 
loaded epoxy and wrapping the loaded fabric on a rotat- 
ing mandrel for forming an elongate cylindrical housing or 
shell in accord with the invention. 

[0023] FIG. 10 is a cut-away of a prepreg graphite sleeve illus- 
trating a fiber ribbon layout in accord with the invention. 

[0024] FIG. 11 is a table of various groupings of prepreg layers 
for sleeve embodiments of the invention. 

[0025] FIG. 12 is a schematic diagram of a multi-sleeve embodi- 
ment of the invention. 

[0026] FIG. 13 is a schematic diagram of well logging system us- 



ing a sleeve in accord with the invention. 
Detailed Description 

[0027] FIG. 3 shows an embodiment of the invention. A sleeve 12 
is shown covering a source and sensor array. The term 
sleeve is used herein to generally define an outer surface 
such as a shell or housing. The source is aTMD transmit- 
ter T and the sensor is a TMD receiver R of the type known 
in the art (e.g., as described in U.S. Pat. Nos. 6,351,127, 
6,566,881, 6,584,408). The sleeve 12 is formed of a com- 
posite material consisting of graphite cloth and carbon 
loaded epoxy or a mixture of fiberglass and carbon fiber. 
The sleeve 12 is formed to provide a semi-conductive ex- 
oskeleton for the sources/sensors. It will be appreciated 
that the present invention is not limited to any particular 
number or combination of transmitters or receivers. Em- 
bodiments may include any mixture of LMD and TMD type 
sources/sensors. 

[0028] The conductivity of the sleeve 12 can be varied by altering 
the percentage of carbon in the composition as further 
described below. As such, the sleeve can be made more 
conductive than the most conductive water base mud 
used in conventional drilling operations (e.g. 10 times 
more conductive). By electrically coupling the sleeve 12 to 



a conductive support 18 housed within the sleeve, cur- 
rents flowing within the borehole are directed or shorted 
through the sleeve to the support 18. The support 18 may 
be formed of any suitable conductive material (e.g. a cop- 
per tube as described in U.S. Pat. No. 4,873,488) and the 
sources/sensors may be mounted thereon as known in 
the art and described in the previously mentioned patents. 

[0029] The sleeve 12 is electrically coupled to the conductive 
support 18 via one or more conductors 20 affixed be- 
tween the shell's inner surface and the support. The con- 
ductors) 20 may be formed of any suitable conductive 
material and structure (e.g. metallic wire, conductive 
strap, etc.) and coupled between the structures using 
known means such as conventional fasteners or bonding 
techniques known in the art. 

[0030] while the distribution and placement of connectors 20 
along the support 18 is variable, different displacements 
may have different effects on the signals detected at the 
receivers. FIG. 4 shows another embodiment of the inven- 
tion. This embodiment includes several TMD antennas: 
one transmitter T, two receivers R , R 2 , and a bucking an- 
tenna B. Connectors 20 are shown symmetrically disposed 
about the transmitter T and receiver R , i.e., at the same 

2' 



distance above and below the respective antennas. An ad- 
ditional connector 20 is disposed between the F^-B an- 
tenna pair along the z-axis of the support 18 at a position 
established by 

— + 

where I is the respective distance from transmitter T to 
the z'-th B and R antennas. 

[0031] By covering or shielding the transmitter T or receiver R 

with a mildly conductive sleeve 12 and shorting the sleeve 
to the support 18, a path is provided for electric currents 
flowing within the borehole to short near the antenna(s) 
as shown in FIG. 5. Thus eliminating or minimizing the 
undesired effects due to borehole currents. While the em- 
bodiments of FIGS. 3 and 4 are shown with the antennas 
disposed on the support 18, other embodiments can be 
implemented with the antennas partially or wholly embed- 
ded within the sleeve 12, provided proper insulation or 
shielding (e.g. rubber molding or potting) is used to iso- 
late the antenna (not shown). In operation, the conductive 
path runs through the sleeve to short the current in a 
manner that would not couple with the housed antenna. 

[0032] FIG. 6 shows a sleeve 12 of the invention. In this embodi- 



ment, the sleeve 12 includes one or more conductive "but- 
tons" 25 or plugs embedded within the sleeve 12 to reach 
the I.D. of the sleeve. The buttons 25 may be any conduc- 
tive material, preferably metal, and they are inlaid within 
the shell body such that they allow for contact with the 
conductors 20 extending between the sleeve I.D. and sup- 
port 18 (shown in FIGS. 3 and 4). The buttons 25 provide 
a reliable junction for a current path between the sleeve 
12, the conductor 20, and the support 18. Though shown 
as discs or plugs, the buttons 25 are not limited to any 
particular shape or configuration. Any suitable conductive 
element and configuration may be used to provide the de- 
sired conductive junction. 

[0033] FIG. 7 shows a cross-section of another sleeve 12 of the 
invention in place over a support 18. In this embodiment, 
the buttons 25 are configured such that they extend into 
the I.D. to make direct contact with the O.D. of the sup- 
port 18 without the need for intermediate conductors 20. 
In one embodiment, the buttons 25 may be disposed 
within recesses in the sleeve and spring-loaded with 
rounded tips (e.g. ball bearings) to provide for reliable 
coupling (not shown). 

[0034] FIG. 8 shows another sleeve of the invention. In this sleeve 



12, a conductive element 26 (e.g. a metallic plate or disc) 
is disposed within an azimuthal recess 27 formed along 
the I.D. of the sleeve 12. A conductor 28 is disposed 
within the recess 27 extending into the I.D. of the sleeve 
to make contact with the support 18, thereby providing a 
current path between the sleeve and the support. Any 
suitable electrical conductor 28 may be used (e.g. a wire, 
a spring, or a metal-covered o-ring). 
[0035] it w j|| De appreciated by those skilled in the art that the 
conductive elements affixed to the sleeves of the inven- 
tion (such as the buttons 25 and elements 26) can be dis- 
posed therein using any suitable techniques known in the 
art. For example, the buttons 25 may be interleaved 
within the sleeve during the layering process described 
below, or the elements 26 can be pressed into the sleeve 
after forming the recesses 27. Other embodiments can be 
implemented with the conductive elements formed via 
various known techniques, including film deposition, film 
growth, spray coating, liquid phase epitaxy, etching, plat- 
ing, etc. 

[0036] Adhesives (e.g. polyimides, epoxies, and acrylics) may 
also be used to bond the conductive elements to the 
sleeve. The effects of thermal expansion may be reduced 



by choosing conductive elements with a coefficient of ex- 
pansion near to that of the sleeve 12. The elements are 
preferably embedded or assembled into the sleeve in such 
a way so that they are securely bonded to the sleeve 12. It 
will also be appreciated that the conductors 20 may be 
coupled between the support 18 and the conductive 
sleeve elements in various fashions, what matters is that 
the desired current path is established between the sleeve 
12 and the support 18. 

[0037] Techniques for impregnating fabrics with resins are not 
new. U.S. Pat. Nos. 4,289,168 and 4,968,545 describe 
techniques for making composite pipes. However, the use 
of such fabrics and pipes in downhole applications entails 
consideration of different factors. For downhole applica- 
tions, a mildly conductive thermal set or thermal plastic 
sleeve should have homogeneous tensor volume resistiv- 
ity and at least trans-isotropic properties. It is also 
preferable that the volume resistivity be independent of 
both temperature and pressure below the glass transition 
of the epoxy and/or resin. 

[0038] a thermal set sleeve 12 of the invention can be con- 
structed with a carbon powder loaded epoxy and a plain 
weave carbon fabric. The epoxy is prepared by adding 0% 



- n% by weight carbon powder and then mixing it well in a 
heated mixture. The tensor volume resistivity is linearly 
dependant on the percentage of carbon added to the 
epoxy. The fabric is then run through a bath of carbon- 
loaded epoxy and wrapped with tension about a mandrel 
22 as shown in FIG. 9. It is preferable to keep the weave 
pattern parallel from each consecutive layer. This proce- 
dure ensures the homogeneity of the volume resistivity. 

[0039] The carbon powder added to the epoxy increases the 

overall conductivity, but is added to specifically increase 
the radial conductivity of the sleeve. Here the carbon par- 
ticles increase the connectivity radially between the layers 
of fabric. The conductivity in the z and $ direction is 
nearly the same primarily due to the fact that the carbon 
fibers in the weave are directed equally in the z and cf> di- 
rections. One can vary the z and $ conductivity by varying 
the percent of fiberglass to carbon fibers in the weave. 

[0040] The basic building material of the thermal plastic for the 
sleeve 12 is the pre-impregnated graphite fiber strip. The 
carbon fibers are laid along the length of the strip. To ob- 
tain a conductivity in a tube that is similar in z and <t> di- 
rection, the prepregs are laid equally in the z and <t> direc- 
tion volumetrically. The radial conductivity is less since no 



fibers are laid in the radial direction. FIG. 10 illustrates 
one such prepreg layout. The horizontal layer is put down 
by following a helix with a pitch preferably equal to the 
width of the prepreg. Thus, to decrease the pitch one can 
put down prepregs with lesser widths. Other sleeve em- 
bodiments may be formed by extruding carbon (fiber or 
powder) loaded thermal plastics using extrusion tech- 
niques known in the art (not shown). For example, such 
embodiments may be implemented with PEEK™/Graphite, 
TORLON™ resin, or other suitable commercially available 
compositions. 

[0041] FIG. 11 shows a table describing various groupings of 
prepreg layers according to the invention. There are six 
layers per eight groupings. The +86 and 86 describes the 
circumferential layer being put down clockwise and 
counter clockwise, respectively. This build has been 
shown empirically to yields a homogeneous tran-isotropic 
tube. The measured conductivities for the build shown in 
FIG. 11 are: 

cr = o, =1000 ,57m 

4 ■ (2) 

a-^=0 .23 S/m 

[0042] a s described above, the impregnation techniques of the 
invention produce a homogeneous isotropic material of 
variable conductivity and desired dimensions. The sleeve 



12 composition essentially provides a uniform boundary 
for the currents flowing within the borehole for typical 
signal frequencies used in logging operations. With the 
sleeve 12 surface composed with a greater conductivity 
than the borehole mud, the source or sensor signals are 
virtually unaffected by undesired borehole currents. Thus 
the sleeves 12 of the invention are mildly conductive yet 
mechanically strong and electromagnetically transparent 
to desired signals. 
[0043] The inherent strength of the graphite sleeve 12 allows for 
embodiments of various thickness and diameters. Thin or 
"slick" downhole tools can be implemented using the 
sleeves 12 of the invention. FIG. 12 shows another em- 
bodiment of the invention. In this embodiment, the semi- 
conductive sleeve 12 forms the exterior of a multi-tubular 
structure. An inner sleeve 12' is surrounded by a semi- 
conductive sleeve 12 of the invention. As described 
herein, the semi-conductive sleeve 12 provides an alter- 
native path for undesired axial borehole currents while 
permitting desired signal transfer therethrough. This can 
be accomplished as long as the sleeve 12 outer surface 
provides the proper conductivity within the borehole envi- 
ronment. The inner sleeve 12' adds greater support to the 



assembly, in essence forming an inner skeleton. Any suit- 
able material or composites may be used for the inner 
sleeve 12', including commercially available materials 
such as RANDOLITE™, PEEK™, KEVLAR™, fiberglass, or 
polyaryletherketone-based thermoplastic materials as de- 
scribed in U.S. Pat. Nos. 6,084,052 and 6,300,762. 

[0044] Openings 30 in the inner sleeve 12' allow for the conduc- 
tors 20 or buttons 25 to couple between the outer sleeve 
12 and the support 18 when assembled. Other embodi- 
ments may be implemented with inner sleeves 12' of vari- 
ous lengths and multiple inner sleeves spaced such that 
channels are not needed for conductors 20 or buttons 25 
(not shown). Yet other embodiments can be implemented 
with conductors disposed within the inner sleeve 12' itself 
and coupled to the outer sleeve to form a conductive 
junction with the internal support 18 (not shown). 

[0045] The sleeves of the invention may be implemented with a 
system having a plurality of conventional sources or sen- 
sors to obtain a variety of measurements (e.g. acoustic, 
nuclear, gravity) as known in the art. Conventional EM an- 
tennas may be placed on the support 18 in various sets or 
configurations and operated at various frequencies to ob- 
tain the desired EM measurements. It will also be appreci- 



ated by those skilled in the art that the axial spacing and 
placement of the antennas along the tool may be varied to 
alter the signal strength and measurement sensitivity. 

[0046] FIG. 13 generally shows a well logging system of the in- 
vention. The system includes a logging tool 10 having a 
TMD antenna array consisting of a transmitter T, a buck- 
ing antenna B, and a receiver R housed within a sleeve 12 
of the invention and disposed in a borehole 115 travers- 
ing a formation 111. The tool 10 is shown supported in 
the borehole 115 by a logging cable 116 in the case of a 
wireline system or a drill string 116 in the case of a while- 
drilling system. With a wireline tool, the tool 10 is raised 
and lowered in the borehole 115 by a winch, which is con- 
trolled by the surface equipment 118. Logging cable or 
drill string 116 includes conductors (not shown) that con- 
nect the downhole electronics with the surface equipment 
118. The tool 10 includes electronics to control the trans- 
mitter T to generate the respective magnetic moments 
(not shown). Signals detected at the receivers 16 may be 
communicated to the surface equipment 118 via conven- 
tional telemetry means for processing (not shown). 

[0047] Modeling was conducted to study the borehole effect on 
TMD-equipped instruments with the semi-conductive 



sleeves of the invention. Two reference models were also 
studied: a metal body design without a sleeve, and an in- 
sulating sleeve design. FIG. 14 compares the transverse 
eccentricity response of the three designs. The semi- 
conductive sleeve design gives an error signal similar to 
the metal-body tool, and much smaller than the insulating 
sleeve design. Thus the semi-conductive sleeves of the 
invention provide very good signal response in addition to 
superior mechanical strength properties. 
[0048] while the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from 
the scope of the invention as disclosed herein. It will be 
appreciated that the sleeves of the invention are not lim- 
ited to any one particular application. They may be used 
in while-drilling, while-tripping, coiled tubing, reservoir 
monitoring, casings, etc. In addition to the conductive 
properties of the sleeve, its strength makes it suitable for 
exoskeleton applications such as source/sensor shields 
on downhole tools and in fields beyond oilfield opera- 
tions. Other embodiments may also be implemented as 
partial or semi sleeves incorporated into non-composite 



downhole apparatus (not shown). 
[0049] For the purposes of this specification it will be clearly un- 
derstood that the word "comprising" means "including but 
not limited to", and that the word "comprises" has a cor- 
responding meaning. 



